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^ Th±8 invention relates to a surgical suture of 
a class of tdgh molecular weight condensation polymers 

More particularly, the present invention is directed to 
a surgical suture df hydrolyzable , high molecular velghtt 
linear polydepslpeptides in vhich ester bonds* derived 
from Y-» P- Y- Jiydroxy acid iresldues, are incorporated 
at' Intervals along an otherwise peptide backbone, These 
polymers display excellent phyalcal, chemical and 
biological properties which make them useful as shaped 
structures such as. self-supporting minis and fibers* 
In particulart these polymers possess unique hydrolysis 
characteristics idiich make them especially useful in the 
preparation of synthetic absorbable sutures. 

The vast majority of absorbable sutures today' 
are made from natxiral proteinaceous polymeric materials 
svtbh as a silk and reconstituted collagen or gut* 
Ordinarily, breakdown and internal body absorption of 
these materials require^ a complex and unpredictable 
enzymatic reaction which frequently, poses ^a number of 
problems. Consequently, efforts have been, made to develop 
synthetic absorbable sutures which breakdown by simple 
hydrolysis. The only sutvires of this type which have 
f ouzid any acceptance are those fabricated from polylactldes 
axid polyglycolldes. Sutures prepared from polylactldes 
and polyglycolldes are not without their shortcomings, 
the foremost of which is their ready hydrolysis. In 
other words, sutures of these materials hydrolyze so 
quickly that they fail to retain their tensile strength 
for a period of time considered necessary by many for 
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properly lieallng of the sutured wound or Incision* 
Hie surgical sutures of the present invention 
are coinposed of a polymeric material which is decom- 
posable by simple hydrolysis under basic y neutral or 
acid conditions but which requires significantly longer 
periods of time for such decomposition than found for 
polylactides and polyglycolides of similar molecular 
weight* 

Further I the polymer which forms the surgical 
suture of the present dLnvention^ while possessing 
these hydrolyzable properties, can be shaped into self- 
supporting films and fibres characterized by high tensile 
strength and other characteristics desirable in such 
films and fibers » andwhich retain the desired strength 
characteristics for proper healing of wounds and incisions 
stitched therewith biit which will thereafter be broken 
down by siinple body hydrolysis. 

The present invention consists of a surgical 
suture of a hydrolyzable film and fibre-forming polymer 
having a plurality of repeating units of the formula t 



^1 ^ 



wherein R is C^^-C^ alkyl, aryl, alkyraryl or aralkylj 
Rj^ and R^ and R^ are each selected from H or Cj^^-C^ 

with the proviso that at least one of R- , R and R, 
is H* and n is the integer of 6 to 2. 

The polymers may be prepared by polymerizing condensible 
derivatives, such as the 
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anhydrides or anhydrosulfites, of N-carboxy-Y-aolno 
acids having the structure: 



H ?, 0 



I 



1 » 



MH-^C— C OH 

R 

and hydroxy organic acids having the structure i 

f2 9 
HO | — (^2>a P OH 

• v^ierein R, R^, R^, R^ and n have the values assigned 
above . Advantageously, ^th*. polymers e ff the in v cutlui* 
may be prepared by reacting at least one N-carbo:or-a- 
amino anhydride having the structure* 

•* » ■ • ■ 
c- 

with at least one aadrosulfite of an hydroxy organic 
carboxy lie acid having the structure: 

V ■ 

■ 

0 

wherein R, R^, and R3 have the ^^lues assigned above. 
Illustrative of N-carboxy-y-amlno compounda 
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suitable for preparation of these polymers may be Included 
the anhydrides of alanine, 2-amlno-n-butyrlc add, 2- 
aminosobutyrlc acid, 2-amlnopentanolc acid, 2-amlno-n- 
hexanolc acid, valine, leucine, Isoleuclne, 2-aittlno-2- 
methyl-proplonlc acid, 2-amln6-2-propyl-proplonlc acid, 
2-amlno-2-phenyl-proponlonlc acid, 2-amlno-2-tolyl-pro- 
plonlc acid, phenylalanine and the like. 

Exemplary of anhydrosulflte reactants suitable for 
use Itt the 'preparation of these polymers are the anhy- 
, drosulfltes of 2-hydroxythanoic aeld, lactic acid, 2-^ 
hy^p^jrvpropanolc acid, 2-hydroxyheptanolc acid,. 2-hydroxy- 
heptanbic acid, hydroxylsobutyrlc acid, 2-hydroxy-2- 
ethyl-prbpanolc acid, 2-hydroxy-2-ethyl-propanolc acid, 
2-hydrbXy-2-pr6pyl--prpfanolc^ acidi 2-hydroxy-2-butyl- 
but anol'c acid, etc. 

These poljrmers may also be prepared by reacting at 
least one of the aforementioned Nrcarboxy--^ -amino anhydri- 
des with a lactone having the structure: 




wherein x is an integer of 1 to 2, Suitable lactones 
inciuile for instance,^ -propiolactone and^i, -butyrolactpme . 

Although these polymers may be terpolymers Or inter- 
polymers of three or more dissimilar 



5 



460.9 9 3 



36.1 

monomers, they are preferably copolymers of a single 
N-carboxy./-aaino acid anhydride and a single hydroxy 
organic acid anhydrosulfite. Infrared analysis and nor 
(nuclear magnetic resonance) measurements indicate these 
polymers o f th e invontich to be linear polymers composed 
of block and/or alternating N-carbo3cy-/-amino acid 
residues and hydroxy organic residues i the.backbone of 
thepolymer- haying the aforementioned repeating units: 
fl 

n 

b 



H IL 0 

L • » 
--M - C > - C - 

I 

R 



<°«2Jn 



0 

- c4- 



I 

wherein R, R^, Hj, R^, and n is defined as ab5?i. 

Hydrolysis tests establish that the polymers are definitely. 

copolymers and not homopolymers . Fvirthermore, the poiymei-4) 

are found to be soluble, in benzene which shows th-em to be 

copolymerssidce the homopoiypeptides are not soluble in 
bensene* 

The polymerization or condensation reaction 
can be conducted by simply adding the rekctants with or 
without a catalyst or initiiator to a suitable inert liquid 
diluent and heating the reactants preferably tinder 
anhydrous conditions to reaction temperature. Generally 
equimolar amounts of the reactants are used since a large 
excess of one or the other limits the extent of polymer- 
ization and the reaction carried out under reflux 
conditions. 

In the preparation of ^^fee- polynerSf«ii-jttw. 
it is preferred that the molecular weight of 
the resulting polymer be such that its intrinsic viscosity 
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be at least about .06 preferably at least about 0«3 to 

The Intrinsic viscosity is measured at 30^G in 
trifluoroacetic acid* 

The inert liquid diluents in the polymer- 
ization reaction are those non-reactive viith either of 
the starting materials or the polymer product » Preferably 
the inert liquid diluent is an organic solvent for the 
starting materials but a non-solvent for the polyineric 
product. Suitable inert liquid diluents which can be used 
include » for example, aromatic hydrocarbons such as benzene , 
toluene I xylene and the like, chlorinated hydrocarbons such 
as chlorobenzene ; aliphatic hydrocarbons such as n-hexane^ 
n-heptane; halogenated aliphatic hydrocarbons such as 
dichloromethane/ tebrachloroethane; monohydric phenols 
such as phenol, m-cresol, p-creisol, xylenol and the like. 
Other suitable* diluents vrill be obvious to those skilled 
.-■in the" art* 

Although the polymerization my often be con- 
ducted in the absence of a catalyst or initiator « use; of 
a catalyst is preferred and £n some instances necessary* 
Suitable catalysts include tertiary amines such aa tri- 
butyl amine, triamyl amine, triethyl ainine, pyridine, 
quinoline, N,N-dimethyl aniline, etc; alkali metal 
alkoxides such as sodixim methoxide, sodium ethoxide, 
potassium propoxide and the like* The concentration of 
the catalyst may vary widely but generally is empiloyed 
in an anhydride reactant to catalyst weigjht ratio of 
about 500 to 1,000. . 

Since in .addition to the r^epeating ester units. 
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the polymers contain recuzxln^ amide linkages, it 
should be understood that the polymer should contain 
a sufficient number of ester bonds to endow it with the 
'desired hydrolyzable properties • Generally, the polymers 
will contain at least 15 mole ^ of the siforementioned 
repeating ester units based' on the total number of 
ester and amide units in the polymer. As the intended 
use of pblymers is for the preparation of fibers for 
the fabrication of the invention synthetic sutures, 
it is preferred that the polymer contain no more than 
about 90 mole ?6 of said repeating ester units since 
polymers containing in excess of 90 mole % of the ester 
units undergo too rapid hydrolysis. In most instances, 
therefore, the preferred polymers contain about 40 to 60 
mole % of the defined repeating ester units. The 
particular concentration of ester xmits in "the polymer 
will depend in part on the polymerization conditions, the 
reactants polymerized, the activity of the particular 
monomers employed, the presence or absence of catalyst and 
the particular catalyst employed and its concentration. 

The melting points of the polymers will vary dependin 
primarily upon the monomers employed and the proportions 
of amide auid ester residues in the polymer. In general, 
the polymers have melting points of at least IJO^C up to 
350^0 or more. 

The following examples are included to further 
illustrate preparation of the copolymers for fabrication 
of the surgical sutures' of the invention. 
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In the examples: 

The Infrared spectra were recorded on a Perkln- 
Elmer model 521 grating infrared spectrometer. The spectra 
were obtained in the solid state as potassium bromide 
pellets I or as oils using sodium chloride cells. The 
nuclear magnetic resonance measurements vere carried out 
on a 7arian Associates A-60 analytical nmr spectrometer 
and a Varian -Associates HR-220 high resolution nmr spectro- 
meter. Tetramethylsilane (TMS) Was used as the internal 
standard, v Concentrations of . 1 were, used for .the A^i-60y 
instrument, * while concentrations, of 2-456 were used idth . 
the HH^220 instrro All spectra wer^ 



0.9 9 3 



j ^. .4The intri^^ of tjie pollers were 

:dj»ter?9i^ stkhdarjd- Caimon^^^^^ (numbers 25, 

^5.0, and .100). 'The flow tjjries^^ 

sWpwatch,whicb was calibrated to 0.1 seconds. ;The 
intrinsic viscosities were determined in trifluoroacetic 
acid in accordance with the following equation: 

in a thermo.stated, constant temperatiire water bath at 30^. 

EXAMPLE I . . 
Synthesis of the Monomers • . , 

at L-Aianlne N«-Carboxyanhvdride ( 2i.-Methyl-L-2 . 5- . 
OxagQlldinedione y 

L^ldahine J (7«5 .g| b.Odli. mpie) was suspended in 

300 na. of>;di7 pur^ged with 

nitrogen fior pii^ hpt^ ^e suspension was then treated 

with phosgene at 50^ itor three hoiirs .u^^ the t-alanine 

' ' ■ * ■ • . 
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had completely dissolved. The system was then purged >dth 

nitrogen for two hours. The solvent and remaining gases 

were removed under reduced pressure, and » white material 

was obtained which was washed with hexane. This material 

was recrystallized several times from ethyl acetate- 

hexane in a dry box. This reaction yielded 7.0 g (73^) 

of the N-carboryanhydride, m.p, 90r91® Cut. m.p. 90° 

b. ^ -Aminoiso>^^»tvrte Acj W-Carboxvanhydride {^^.^^^> 
bl inethYl-2 . S-oxazoI -t dinedionel 

This compound was prepared according to the 
procedure in W. R. Sorenson and T. W. Campbell, "Prepara- 
tive Methods of Bolymer Chemistry", 2nd Edition, Inter- 
science Publishers. New York, 196S, page 355 on a 0.15 
mole scale. This reaction furnished the desired product 
in 70^ yield with a m.p. 95-96° Clit. m.p. 9^-97 1. 

c. ^ .HTdroyY*«»^"<^^^g Anhvc'r^sii;' f ite KhZ-US'S 

This compound was prepared using the procedure 
in Sorenson and Campbell, Supra; page 359 on a 0,20 mole 
scale. This reaction furnished the desired product in 
4055 yield with a b.p. 55** at 10 mm Hg. Clit.(42) b.p 
53-55° at 16 mm Hg 3. The compound was prepolymerized ' 
prior to use. 

d. S-Laetie Ar ^'^ Anhvdrosulfite 

This compound was prepared using the procedur 
in Sorenson and Campbell, Supra; for the </ -hydroxyiso- 
butyric acid anhydrosulfite. Instead, of purifying this 
monomer by prepolymerisation, it was distilled three 
times under reduced pressure. The reaction furnished 
the desired product in 4056 yield with a b.p. 71-72° at 
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16 mm Hg jjit. b*p* 72-74^ at 19 mm Hg 1. 

In the synthesis of the copolymers prepared 
in the Examples belovi^ unless otherwise indicated, the 
following general procedure was employed: 

A round-bottom flask was dried in the oven 
for three hotirs. To the flask, which was cooled under 
nitrogen, was added 4O ml of benzene. In order to make 
sure that the system was completely dry, about 20 ml of 
the benzene was distilled from the reaction vessel. The 
flask was cooled under nitrogen in an ice-salt bath until 
the benzene had frozen, and the reactants were, then added 
to the flask. The reaction. mixt\ire was refl\ixed for 
several days \mder nitrogen to give a cloudy colorless 
gel. The gel was separated by filtration to give a 
solid polymer. 

' EmiPLE 11 . ./ 

Cotolvmers of L-Alanine and S^Lactic Acld-Reactlon l . 

Ii-^Alanine N-carboxyanhydride (1.0 g, 0.00^ 
mole), S-lactic acid aahydrosulfite (1.0 ml) and dry 
trlethylamine (O.OO243 ml, 1.74 x 10"^ mole, anhydride- 
to-initiator ratio of 500} were added to the reaction 
flask. This was reflxixed for four days under nitrogen. 
A white precipitate was obtained which was isolated by 
filtration. This powder was washed with hot benzene to 
eliminate any polylactic acid homopolymer that might 
have been formed during the polymerization. The white 
powder was dissolved in hot chloroform. However, the 
product only partially dissolved, and therefore a soluble 
fraction (sample 1) and an insoluble fraction (sample 2) 

^ 4 60.9 9 3 
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were isolated by filtration. The insoluble fraction 
was reprecipitated from trifluoroethanol-petroleum ether, 
while the soluble fraction was reprecipitated from chloro 
form-petroleum ether and then trimethyl phosphate-pfetrol- 
euffl ether. Integration of the nmr spectra showed that 
sample 1 consisted of three lactic acid residues for each 
alanine residue, while sample 2 had one alanine residue 
for each lactic add residue. Both samples decomposed 
between 250-2^0^. The reaction furnished about 100-200 mg 
of each sample. The infrared spectra of both compoxaids 
exhibited an ester peak at 1755 cm"^. an amide II peak at 
1540 cm"^, and a split amide I peak at 1655. and 1625 cm"^' 
There was not enou^ material to have elemental analysis 
performed on the Insoluble fraction. However, elemental 
analysis vas performed on the soluble fraction,- sample 
Anal. Calcd* (for the monomer ratio as determined from 
the integration of the nmr spectrum): 50.17; H, 5 •94; 
n,k.6i. Found: C, 44.79; H, 5.S7; N, 3;92- 

Reaction 2 . This reaction was performed exactl 
as in reaction 1 except in this case the anhydride-to- 
initiator ratio was 50. A vdiite precipitate was isolated 
by filtration. The powder was washed with hot benzene to 
eliminate any polylactlc acid homopolymer that might hava 
formed during the polymerization. The white powder was 
insoluble in hot chloroform. This jreaction furnished 
about 0.75 g of the copolymer. Integration of the nmr 
spectrum showed that this copolymer contained two alanine 
residues for each lactic acid residue. The material de- 
composed between 210 and 260^. The infrared spectznim 
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exhibited an ester peak at 1745 cm"^, an amide II peak 



at 1525 cm"^, and an amide I peak at 1655 cm~^ vdth a 
shoxtLder at I625 cm"^. The intrinsic viscosity in tri- 
fluoroacetic acid at 30® was 0.191. Hydrolysis data 
showed that the material was a copolymer and hot two 
homopolymers. 

Anal « Calcd. (for the monomer ratios as determined from: 
the integration rof the nmr spectrum): 0,50.46; H, 6,59j 
H, 13,09. Fomd: C, 47.75; H, 5.67» N, 11.79- 

EXAMPLE III 

CcDolvmer of L-Alanlne and o( -Hvdroxy lsobut'Tric Acid 

L-Alanine N-carboxyanhydride (1.0 g, O.OO87 
mole), -hydroxyisobutyric acid anhydrosulfite (1.0 ml) 
and dry triethylamine (0.0243 ml, 1.74 x 10"^ mole, 
anhydride-to-initiator ratio of 50) were added to the 
Xteaietion flask. This was reflvxed for four days under 
nitrogen. A white preeipita%>e wais obtained iMeh was 
isolated by filtration. The compound was washed with 
hot benzene and hot chloroform in order to eliminate any 
• homopolyester that might have been formed during the 
reaction. The reaction furnished about 0.6 g of the 
copolymer. The material did not- melt or decompose below 
275**. Integration of the nmr spectrum showed that the co- 
polymer contained three residues of alanine for ead»^ - 
hydroxyisobutyric acid residue. The intrinsic viscosity, 
of the polymer in trifluoroacetic acid at 30° was O.O84. 
The infrared spectrum exhibited a medium ester peak at 
1745 cm~^, an amide II peak at 1525 cm'"*-, and a strong 
amide I peak at I65O em"^ with a shoulder, at 1625 cm'^ * 
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Hydrolysis data showed that the joaterial >fas a copolymer 
aad not tvo homopolymers. 

Anal. Calcd. (for the monomer ratio as determined from 
integration of the nmr spectrum): C, 52»l6; H, 7*07;* 
N, 14.04. Pound: C, 49,09; H, 6.8?; K, 13.45. 

EIAMPLB lY 

Copolymer of S-Lactlc Acid and ^^Amlnobutvric Acid 

^ ^ Afflinoisobutyric acid N-carboxyanhydride 
(0.2 g, 0.00155 mole}« S-lactic acid anhydrosulfite 
(0.2 ml),, and dry triethylamine (0.00432 ml, 3.1 x 10"^ 
mole, anhydride-to-initiator ratio of 50) were added .to 
the reaction flask. This was refluxed under nitrogen 
for one week but no precipitate had fomed. A small 
amount of ^etrolexia ether was added, and a white pre eipi-> 
tate immediately formed. This material was isolated by 
filtration, tipon addiicig more petroleum ether and cooling 
in the refrigerator overnight a second precipitate had 
formed. This second crop proved to be polylactlc acid 
homopolymer. The copolymer was reprecipitated from 
benzene-petroleum ether and about 150 mg of the polymer 
was obtained. The copolymer appeared to soften between 
133-140^ and underwent total decomposition by 230^. 
Integration of the nmr spectrum showed that the copolymer 
contained three lactic acid residues for each o( 
aminoisobutyric acid residue, ^e infrared spectrum 
exhibited a very strong ester peak at 1755 cm"^, and weak 
to medium amide peaks at 1655 and 152d cm'*'''. 
Anal . Calcd. (for the monomer ratios as determined from 
integration of the nmr spectrum): C, 51.d2; H, 6^36; 
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N. 4.65. Found: C, 36*69; H, 4*32; H. 2.05. 

EXAI-TLB Y 

CoDOlvmers of L-Alanlne ajid g-Propiolactonfe 

In each of the following reactions L-alanine 
N-carboxy-anhydride (1 mole) was stirred in P-propiol- 
actone at room temperatiure {2-moles)« The polymers were 
isolated and purified. The infrared spectra exhibited a 
strong e^er-peak at 173^ em^'^i an amide II peak at 
1525 cm*^ for each copolymer. The copolymers diid not melt 
or decompose below 300^. Hydrolysis data showed that these 
compounds were Indeed copolymers. 

Reaction 1 . No catalyst was used in this 
reaction* Integration of the nmr spectrum showed that 
the copolymer contained three alanine residues for each 
p-propiolactone residue. The Intrinsic visco.sity of the • 
copolymer in trifltioroacetic acid at 30^ wais 0.352 • 
Anal. Calcd. (for the monomer ratio as determined from 
integration of the nmr spectrum): 50*43; 7«06; 
H, 14.93. Found: C, 50,52j H, 6.71; H, 14.73. 

Reaction 2 . Sodium methoxide was used as a 
catalyst with an anhydrlde-*to-initiator ratio of 1000. 
The integration of the nmr spectrum showed that the 
copolymer contained one alanine residue for each p-propiol- 
actone residue. The intrinsic viscosity of the copolymer 
in trifluoroacetic acid at 30^ was 0.345. 
Anal. Calcd. (for the monomer ratio as determined from 
integration of the nmr spectrum): C, 50.50; h, 6.04; 
N, 10.21. Found: C, 50^35; H, 6.34; 9-79. 
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SsamSSLi. Benaylaaine was used as a catalyst 
with an anhydride-to-initiator ratio of lOOO. The 
integration of the nmr spectrum showed that the copolymer 
contained three alanine residues for every two P-propiol- 
actone residues. The intxiasie viscosity of the copolymer 
in trifluoroacetic acid at 3p? was O.US. 
iaal. Calcd. (for the monomer ratio as determined from 
integration of the nmr spectrum): C. 50.24; H, 6.64; ' 
N, 11.57. Found: C, 50.42; H. 6.49; N. II.76. 

EIAMPLB t;' 

Altematinp Copolymer of UPhenvl.i^n,^ no ^ n d :Hvdr«r.^T.4. ...^ 
• This polymer jxa4 a softening pojjjt between .110 

and 120O. -Hie inirared ;spectfum Wbited a stii>hg ester ■ 

peak at ^740 wn-^. and .s^^^^^^ ,. 

1525 cm-^. Integratipn of th^..nmr spectxTmVshowe^ that . 

the copolymer consisted, o^ <»e,residu^^ 6r.L.phenyi^^ 

for each rejsidue. of hydracrylic acid. 

The hydrolysis experiments were carried out. in . 

the Examples below in the f oUowing manner: 

The polyier (approximately 150 mg). was placed 
in concentrated hydrochloric acid (5 »!) . and was .allowed . ' 
to stir at room temperature for five day«. The viscosity ^ 
and infrared spectra of the initial polymers were compared 
to those of the resulting compounds after the hydrolysis 
experiments. Any portion of the polymer that did not 
dissolve in the acid was isolated, by. filtration and . . 
investigated. 
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HydrolYsis of Polvmers and Copolvineri3 

smgLE YII 

Polv»S-laetlc Acid 

Poly-S-lactic acid (152 ag) was placed in 
concentrated hydrochloric acid (5 ml), and after five 
days, the polymer had completely dissolved in the acid. 
The intrinsic viscosity of the starting polymer in benzene 
at 30*' was 0.14, and the intrinsic viscosity of the polymer 
after hydrolysis Was 0.0066 in hydrochloric acid at 30**. 
The solution was evaporated to dryness, and an oil was 
obtained. • The infrared spectrum of this oil exhibited 
a very broad absorption region between 3500 and 2900 cm'* 
and a broad band at 1735 cm"^. These peaks are typical 
. of acids. The ini'-ial polymer had a sharp peak at 
1755 <m-^, an ester. peak, and no broad absorption region 
above 3000 cm"i. The data indicate that poly-S-lactic 
acid Was completely hydroly«ed during the hydrdlydi« 
experiment. 

; aCAMPLE VIII - 
Polv-L-alahine • 

Poiy-L-alanine (l6lf mg) was placed in concen- 
trated hydrochloric acid, and after five days, hardly any 
of the polymer had dissolved. This material was separated 
by filtration furnishing over 60 mg of. the undissolved 
material, -The remaining solution was evaporated to 
dryness:. "We tof rared «pe<Stnmi of the u^ 
was iden«iical.to;that of poly-i;-alanine.. The viscosity, 
(n /c) of ther. undissolyed solid was O.W6 la 
didilolroaceitc acid at 30** compared to that of the initial 
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polymer, 0.645. The infrared spectrun of the oil, 
obtained frwa evaporation of the solution, erfiibited 
very weak amide peak?. These results indicate that poly- 
L-alanine is only slightly hydrolyzed by treatment viith • 
hydrochloric acid for five days at room temperalture. 

Copolymer ftf L-AlAtiiit ft tLxA -Hvdroxvl80>*vtvrle Acid 

The copolymer (170 mg), vfliich contained three 
alanine residues for each</^ -hydroxyisobutyrie acid 
residue, was placed in concentrated hydrochloric acid, 
and after five days, nearly all of the copolymer had 
dissolved. Some undissolved material (10-15 mg) was 
isolated by filtration. The remaining solution (the 
filtrate) was then evapoi^ted, and an oil was obtained. 
The infrared spectrum of the solid sample wa? identical 
to that of poly-L-alanine. The viscosity (ngj/c) of this 
solid was 0.053d at 30° in trifluoroacetic add, while the 
value for the initial copolymer was O.IOS under the same 
conditions. The infrared spectrum of the oil, obtained • 
from evaporation of the solution, eachibited a very broad 
acid region at 3500-3000 cm"^, a broad acid peak at 
1720 cm'^, but no amide peaks. The facts that only 10-15 
mg of material did npt dissplve and that the infrared 
spectrum of the oil did not contain any amide peaks, but 
only acid peaks, indicate that the polymer was definitely 
a. copolymer. The solid that was obtained was either a 
small amount of homopolymer that had not been separated 
from the copolymer, or some very long blocks of alanine 
that did not hydrolyze. 
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Copolymer of L-Alanlne and S-laetle Add 

The copolymer (172 mg), wMch contained tw 
residues of alanine for each lactic acid residue, iias 
placed in hydrochloric acid, and after five days, nearly 
all of the polymer had dissolved. Some undissolved 
material (10 mg) was isolated by.rfiltration. The Infrared 
spectrum of -this material vaa identical to that of the 
initial copolymer. The spectrum exhibited amide peaks at 
1630 and 1530 cm"''-, an ester peak at 1750 cm"^, and an 
N-H peak at 3280 cm"^. The viscosity (ngp/c) of ^his 
aiaterial was 0.0196 in trifluoroacetlc adjd at 30®, copH 
pared to 9. value of O.196 for the starting material under 
identical conditions. Since moist of the copolymer dissolv- 
ed, it appears that the. starting material was a copolymer. 

The polymers of thk inyehtion are a valuable 
soiirce of isynthetic. fibers which oiiay be melt spun or 
ertnided through suitable dies or .orifices. The extruded 
filaments, or fibers may be cooled by air- or by, a non- .. 
solvent cooling medium after wjxich they, way be wound on a 
reel . The fibers may be drafted between rolls operated 
at differential speeds, for example, at peripheral speed 
ratios in the ranges from 4 to 1 to 6 to 1. Better 
results are usually obtained by allowing the drafting to 
occur at elevated temperat.ures. 

Bydroiyzable. threads, pr, suturea may be prepared 
from fibers of the pplymers of thie ihyention as will be 
illustrated by the fpllowing.^aample TL. 

. 19 - .460.99 3 



36.151/71 

Fibers prepared by melt spinning each of the 
copolymers of Examples II, III, IV, 7 and VI are each 
twisted and braided into a polyfilamentous suttire on a 
New' England Butt braider nachine/ This machine is a 
well known braider and has 3 to 12 carriers in readily 
available models. Any type of braider is of course 
suitable, Suchr machines by varying the number of 
individual fibers and tensions can provide a wide variety 
of sutures. 

The braided sutures are then hot stretched by 
pulling the thread under tension, over a heated platen 
maintained at a temperature of about 300^F. This opera- 
tion serves to substantially reduce elatsticity and 
eliminate memory (that tendency of the fiber to retura 
to its original length). IsJhile elongation may vary from 
about 10 to 15 percent, a braid preferred for surgical 
use will usually be stretched about 405S during the process 
Any suitable device providing the necessary tension and 
heat is suitable for this step. The thread stretched 
about 40 to 50 percent is then gathered into a skein.. 

. Samples of each of the sutiires prepared are 
immersed , in an aqueous solution maintained at a pH of 
7.3 by a standard buffer to approximate the pH conditions 
of human body fluids. Each of the sutures dissolves in 
4 to 6 weeks while retaining a high degree of tensile 
strength in the interim weeks. 

Although the polymers of the invention have 
been described primarily with regard to their utility as 
fibers it shotald be understood that they may also be 
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dissolved In a suitable solvent and cast into hydrolyz-* 
able films in accordance \dth casting methods well known 
in the art. 
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THE CLAIMS DEFIWIWG THE INVENTION ARE AS ynTT.nvs . 

1. A surgical suture of a hydrolyzable flli- and 
fiber-forming polymer having a plurality of repeatd 
units of the formula i 

-i J-li-0,i-(cB,)..L. 



I 



wherein R 1. C^-C^ allcyl. aryl, aUcaryl or aralkyl; R 
Rg and R^ are each selected from H or Cj^-C^ alkyl wlli| 
the proviso that -at least one of R^, R^ aiid R^ is H| [ 
and n Is an Integer of 0 to 2. 
2. The surgical suture of claim 1 wherein the repeai 
unit has the fomulat fj 



H H O CHa O 



-^1 



I 

H 

3; The surgical suture of claim 1 vhereln the repea^ 
unit has the fosnmilat 

a N o o 

'2 - ^2 



--i - i.-.i! - OCHg - CH - I-.- 



CH, 

A 



h. The surgical suture of claim 1 wherein the repea| 
unit has the fonmilat * ; 



H- H 



i- i - « 



- 0 



CH- b 
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5. The surreal suture tof claim 1 wherein the 
repeating imit has the formula 

H CH_ 0 CH_ 0 

6. The surgical suture accordlne to Claim 1 
substantially as hereinbefore described with reference 
to any one of Examples TT tn irT.nnd JX to XI. 



DATED, this 21si. day of NOVEMBER , 197^ • 
SUTURES JNC» 

By its j^atent Attorneys s 

CLEMENT HACK & CO. 
Fellows Institute of Patent 
Attorneys of Australia, 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 
^ FADED TEXT OR DRAWING 

-6 BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 
1^ GRAY SCALE DOCUMENTS 

pf LINES OR MARKS ON ORIGINAL DOCUMENT 

REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



